11/10/2003 10:08 4012734447 



BJH 



PAGE 04/14 



Serial No, 09/587,074 
In the Claims: 

Claims 1-43 (previously canceled), 

44. (canceled) 

45. (currently amended) Tho vortical cavity surfac es e mitting - Iaaorof claim H farth e r 
comprising: 

A vertical cavity surface emitting laser comprising: 
a substrate; 

a first mirror formed adjacent to said substrate; 

an active region formed adjacent to said first mirror: 

a semiconductor mirror formed adjacent to said active region, said semiconductor 
mirror comprising a plurality o f semiconductor mirror layers: 

an anti-phase layer formed on said semiconductor minor: 

an annular reflector fanned on said anti-phase layer wherein reflections from said 
reflector are substantially out of phase with reflections from said semiconductor mirror layers 
toproyide mode selective optical loss in order to suppress higher order modes; and 

a re-phase layer formed on said anti-phase layer and within said annular reflector. 

46. (previously added) The vertical cavity surface emitting laser of claim 45 wherein a 
total thickness of said anti-phase layer and said re-phase layer is substantially an integer 
multiple of X A wavelength. 

47. (previously added) The vertical cavity surface emitting laser of claim 45 further 
comprising: 

a dielectric mirror fanned adjacent to said re-phase layer, said dielectric mirror 
comprising a plurality of dielectric mirror layers. 
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48. (previously added) The vertical cavity surface emitting laser of claim 46 further 
comprising: 

a dielectric mirror formed adjacent to said re-phase layer, said dielectric mirror 
comprising a plurality of dielectric mirror layers* 

49 . (currently amended) Th e v e rtical cavity surfac e emitting la g er of clatrt>44 
A vertical cavity surface emitting laser comprising: 

a substrate: 

a first mirror formed adjacent to said substrate: 

an active region formed adjacent to said first mirror: 

a semiconductor mirror formed adjacent to said active region, said semiconductor 
mirror comprising a plurality of semiconductor mirror layers: 

an anti-phase layer formed on said semiconductor mirror, wherein said anti-phase layer 
is fornied from a semiconductor material; 

an annular reflector formed on said anti-phase layer wherein reflections Jrom said 
reflector are substantially out of phase with reflections from said semiconductor mirror layers 
to provide mode selective optical loss in order to suppress higher order modes . 

50. (previously added) The vertical cavity surface emitting laser of claim 45 wherein said 
anti-phase layer is formed from a semiconductor material. 

5 1 . (previously added) The vertical cavity surface emitting laser of claim 45 wherein said 
re-phase layer is formed from a dielectric material. 

52. (canceled) 

53. (canceled) 
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54. (currently amended) Th e v e rtical cavity - ourfaco e mitting laser of claim A A 
A vertical cavity surface emitting laser comprising: 

a sub stote; 

a first mirror formed adjacent to said substrate; 

an active region formed adjacent to said first mirror; 

a semiconductor mirror formed adjacent to said active region, said semiconductor 
mirror comprising a plurality of semiconductor mirror layers; 

an anti-phase layer formed on said semiconductor mirror, w herein said anti-phase layer 
is planaq 

an annular reflector formed on said anti-phase layer wherein reflections from_said 
reflector axe substantially out of phase with reflections from said semiconductor mirror layers 
to provide mode selective optical loss in order to suppress higher order modes . 

55. (previously added) The vertical cavity surface emitting laser of claim 45 wherein said 
anti-phase layer and said re-phase layer are planar. 

56. (currently amended) Tho vertioal-eovity surfac e e mitting las e r of claim ? A A wherein 
A vertical cavity surface emitting laser comprising: 

a substrate; 

a first mirror formed adjacent to said substrate; 

an active region formed adjacent to said first mirror: 

a semiconductor minor formed adjacent to said active region A _said semiconductor 
mirror comprising a plurality of semiconductor mirror layers: 

an anti-phase layer formed on said semiconducto r mi ^Q^ ; 

an annular reflector formed on said anti-phase layer wherein reflections from said 
reflector are substantially out of phase with reflections from said semiconductor mirror layers 
to provide mode selective optical loss in order to suppress higher order modes, 

said annular reflector compriooo comprising a step function mesa formed in the surface 
of said anti-phase layer. 
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57. (canceled) 

58 . (currently amended) Th e v e rtical cavity surfac e e mitting laser of olaim 57 farther 
comprising: 

A vertical cavity surface emitting laser comprising: 
a substrate; 

a first mirror formed adjacent to said substrate; 

an active region formed adjacent to said first mirror: 

a semiconductor mirror formed adjacent to said active refrioxu said semiconductor 
mirror comprising a plurality of semiconductor mirror layers; 

an anti-phase layer formed on said semiconductor mirror; 

an annular reflector formed on said anti-phase layer, said annular reflector defining an 
optical axis of said laser. 

said anti-phase layer and said annular reflector cooperating to suppress higher order 
modes at a predetermined radial _distance from said optical axis wherein reflections from said 
reflector are substantially out of phase with reflections from said semiconductor mirror layers 
to provide mode selective optical loss at said predetermined radial distance from said optical 
axis» while also allowing a fundamental mode to propagate along said optical axis: and : 

a re-phase layer formed on said anti-phase layer and within said annular reflector 

59. (previously added) The vertical cavity surface emitting laser of claim 58 wherein a 
total thickness of said anti-phase layer and said re-phase layer is substantially an integer 
multiple of Vi wavelength. 

60. (previously added) The vertical cavity surface emitting laser of claim 58 further 
comprising: 

a dielectric mirror formed adjacent to said re-phasc layer, said dielectric minor 
comprising a plurality of dielectric mirror layers. 
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6L (previously added) The vertical cavity surface emitting laser of claim 59 further 
comprising: 

a dielectric mirror formed adjacent to said re-phase layer, said dielectric mirror 
comprising a plurality of dielectric mirror layers. 

62. (currently amended) Th e vertical cavity ourfho e emitting laser of claim-57 
A vertical cavity surface emitting laser comprising: 

a substrate; 

a first mirror formed adjacent to said substrate: 

an active region formed adjacent to said first mirror, 

a semiconductor mirror formed adjacent to said active region, said semiconductor 
mirror comprising a plurality of semiconductor mirror layers; 

an anti-phase laver formed on said semiconductor mirror, wherein said anti-phase layer 
is formed from a semiconductor material^ 

an annular reflector formed on said anti-phase laver. said annular reflector defining an 
optical axis of said laser- 
said anti-phase layer and said annular reflector cooperating to suppress higher order 
modes at a predetermined radial distance_from saicLoptical axis wherein reflections from said 
reflector are substantial! v out of phase with reflections from said semiconductor mirror layers 
to provide mode selective optical loss at said predetermined radial distance from said optical 
axis, while also allowing a fiindamentaLmode to propagate alone said optical axis . 

63. (previously added) The vertical cavity surface emitting laser of claim 58 wherein said 
anti-phase layer is formed from a semiconductor material* 

64. (previously added) The vertical cavity surface emitting laser of claim 58 wherein said 
re-phase layer is formed from a dielectric material. 

65. (previously added) The vertical cavity surface emitting laser of claim 62 wherein said 
re-phasc layer is formed from a dielectric material. 
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66- (canceled). 

67. (currently amended) Tho vortica l oavity surfac e e mitting - Jaser - ofoloim 57 
A vertical cavity surface emitting laser comprising: 

a substrate; 

a first mirror formed adjacent to said substrate: 

an active region formed adjacent to said first mirror: 

a semiconductor mirror formed adjacent to said active region, said semiconductor 
mirror comprising a plurality of semiconductor mirror layers; 

an anti-phase layer formed on said semiconductor mirror, wherein said anti -phase layer 
is planar; 

an annular reflector formed on said anti-phase layer, said annular reflector defining an 
optical axis of said laser. 

said anti-phase layer and said annular reflector cooperating to suppress higher order 
modes at a predetermined radial distance from said optical axis wherein reflections from said 
reflector are substantially out of phase with reflections from said semiconductor mirror layers ; 
to provide mode selective optical loss at said predetermined radial distance from said optical 
axis, while also allowing a fundamental mode to propagate along said optical axis . 

68. (previously added) The vertical cavity surface emitting laser of claim 58 wherein said 
anti-phase layer and said re-phase layer are planar. 

69. (currently amended) Th e vertical cavity surfho e emitting laoor of claim 57 wherein 
A vertical cavity surface, emitting laser comprising: 

3 substrate; 

a first mirror formed adjacent to said substrate: 

an active region formed adjacent to said first mirror; 

a semiconductor miiTor formed adjacent to said active region, said semiconductor 
mirror comprising a plurality of semiconductor mirror layers: 
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an anti-pbase layer formed on said semiconductor mirror; 

an annular reflector formed on said anti-phase layer, said annular r eflector defining an 
optical axis of said laser. 

said annular reflector compriooo comprising a step function mesa formed in the surface 
of said anti-phase layer 4 

said anti-phase layer and said annular reflector cooperating to suppress higher order 
modes at a predetermined radial distance from said optical axis wherein reflections from said 
reflector are substantially out of phase with reflections from said semiconductor mirror layers 
to provide mode selective optical loss at said predetermined radial distance from said optical 
axis, while also allowing a fundamental mode to propagate along said optical axis . 

70. (previously added) A vertical cavity surface emitting laser comprising: 
a substrate; 

a first semiconductor mirror formed adjacent to said substrate; 

an active region formed adjacent to said first semiconductor mirror; 

a second semiconductor mirror formed adjacent to said active region, said second 
semiconductor mirror comprising a plurality of semiconductor m irror l ayers; 

a planar semiconductor anti-phase layer formed on said semiconductor mirror, said 
anti-phase layer comprising a semiconductor mirror layer; 

an annular ohmic contact formed on said anti-phase layer, said annular ohmic contact 
defining an optical axis of said laser and providing an annular reflective surface at a 
predetermined radial distance from said optical axis, 

said anti-phase layer and said annular reflective surface cooperating to suppress higher 
order modes at a predetermined radial distance from said optical axis wherein reflections from 
said reflective surface are substantially out of phase with reflections from said semiconductor 
mirror layers to provide mode selective optical loss at said predetermined radial distance from 
said optical axis, while also allowing a fundamental mode to propagate along said optical 
axis; 

a planar dielectric re-phase layer formed on said semiconductor anti-phase layer; and 

8 

PAGE 10/14 • RCVD AT 11/10/2003 9:07:25 AM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/2 * DN1S:8729318* CSID:4012734447 * DURATION (mm-ss):04-16 



11/10/2803 10:08 4012734447 BJH PAGE 11/14 



Serial No. 09/587,074 

a dielectric mirror formed on said dielectric re-phase layer, said dielectric minor 
comprising a plurality of dielectric mirror layers, wherein said dielectric re-phase layer 
comprises a dielectric minor layer and further wherein a total thickness of said anti-phase 
layer and said re-phase layer is substantially an integer multiple of Vi wavelength. 

71. (previously added) A vertical cavity surface emitting laser comprising: 
a substrate; 

a first mirror formed adjacent to said substrate; 

an active region foraied adjacent to said first mirror; 

a semiconductor mirror formed adjacent to said active region, said semiconductor 
mirror comprising a plurality of semiconductor mirror layers; 

a planar anti-phase layer formed on said semiconductor mirror, 

an annular reflector formed on said anti-phase layer, said annular reflector defining an 
optical axis of said laser, 

said atrti-pha$e layer and said annular reflector cooperating to suppress higher order 
modes at a predetermined radial distance from said optical axis wherein reflections from said 
reflector are substantially out of phase with reflections fcom said semiconductor mirror layers 
to provide mode selective optical loss at said predetermined radial distance from said optical 
axis, while also allowing a fundamental mode to propagate along said optical axis; and 

a planar re-phase layer formed on said anti-phase layer, 

wherein a planar thickness of said anti-phase layer and said re-phase layer is spatially 
varied with a step function at a predetermined radial distance from said optical axis to 
introduce a lateral index guide. 

72. (previously added) The vertical cavity surface emitting laser of claim 71 wherein a 
total thickness of said anti-phase layer and said re-phase layer is substantially an integer 
multiple of Yi wavelength. 

73. (previously added) The vertical cavity surface emitting laser of claim 71 Anther 
comprising: 
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a dielectric mirror formed adjacent to said re-phase layer, said dielectric mirror 
comprising a plurality of dielectric mirror layers. 

74. (previously added) The vertical cavity surface emitting laser of claitn 72 further 
comprising: 

a dielectric mirror formed adjacent to said re-phase layer, said dielectric mirror 
comprising a plurality of dielectric mirror layers. 

75. (previously added) The vertical cavity surface emitting laser of claim 7 1 wherein said 
anti-phase layer is formed from a semiconductor material. 

76. (previously added) The vertical cavity surface emitting laser of claim 72 wherein sai d 
auti -phase layer is formed from a semiconductor material. 

77. (previously added) The vertical cavity surface emitting laser of claim. 72 wherein said 
re-phase layer is formed from a dielectric material. 

78. The vertical cavity surface emitting laser of claim 76 wherein said re-phase layer is 
formed from a dielectric material. 

79. (previously added) The vertical cavity surface emitting laser of claim 71 wherein said 
annular reflector comprises a conductive metallic material forming an ohmic contact. 
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